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Payoffs: 

-  Increase  Structural  Reliability  of  Solid  Rocket  Motors. 

-  Reduce  Motors  Replacement  Costs. 
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Provide  Guidance  for  Formulating  High  Crack  Growth 
Resistance  Solid  propellants 

Make  Defect-Tolerance  Analysis  Methodology  Feasible 


Technical  Challenge  and  Approach 
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Multi-layer  Structures  with  _  Non-Destructive  Testing  and 

Time-Dependent  Material  Evaluation 

Properties  and  Property  _  .... 

Gradients  “  Fracture  Mechanics 

-  Experimental  Mechanics 

-  Numerical  Modeling 
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6.  Incorporated  a  time-dependent  nonlinear  viscoelastic  model  in  a 
finite  element  computer  code 

7.  Determined  the  stress  distribution  along  the  front  of  a  part-through 
surface  crack  in  the  bond  system 
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Conducted  Finite  Element  Analysis  to  Determine 
the  Effects  of  Specimen  Geometry,  Material 
Property,  and  Crack  Length  and  Location  on  the 
Stress  Intensity  Factor  at  the  Crack  Tip. 


whereas  a  and  g  are  insensitive  to  the  strain  rate 

•  The  probabilistic  crack  growth  model  can  guide  propellant 
formation  to  increase  resistance  to  crack  growth  of  solid 
propellant 


Good  Correlation  Exists  Between  the  Predicted 
and  the  Measured  Crack  Initiation  Load  and  the 

Initial  Crack  Length 
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Stress-Strain  Curve  at  Strain  Rate  0.02/min 


For  the  Solid  Propellants  Studied,  Plane 
Strain  Fracture  Toughness  Does  Not  Exist 
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Microstructure  Induces  a  Large 
Inhomogeneous  Variation  in  the  Strain  Field 
_ Near  the  Crack  Tip _ _____ 
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Microstructure  has  no  Significant  Effect  on  the 
Path-Independent  Nature  of  the  J-Integral 


Numerically  Calculated  Eyy  Along  a  Given  Path  of  Integration 

The  Mean  and  the  Coefficient  of  Variation  of  the  J-Integral  Along 
Seven  Paths  are  633  Pa  m  and  0.03,  Respectively 
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The  developed  probabilistic  crack  growth  model  can  be 
used  to  predict  crack  growth  under  different  strain 
rates  with  good  accuracy. 
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Propellant/Liner/Propellant  Bond  System  Fracture 
Characterization. 
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Fabricate  Propellant  /  Liner  /  Propellant  Bond 
Specimen  and  Conduct  Material  Characterization 
Tests. 
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Future  Activities  (FY01) 
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